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applications are often inefficient. It is not unusual for s»cban*U fi e« ->f7 

.ffi„i„descfweBonaer30%.Ttocau^ r 
of telecommunication services Because _ ( OO^-^ 

H ^ .ocanons can be eltceedin^ pensive. DcaUng «f 
given off by inefficient power atnplite can aiso be expensive and 

L 4- 
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De,, ^ **«-<». IEEE Microwave arui Guided Ixtters Vol.; 
2 No J March 1998, each of which is hereby uKo^orated by reference. 

,0008, Despi^^of^^^^^^r. ^. L 

can be practicaBy used for tetecommmncanon applications, especially » 
remote locations. 1 
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1000 91 indrawingswhichi^ 
invention: 

Figure I iaabtock diagramof an amplification avatenr; " U«.yiAft 

F *1 ia a sfcemadc diagrarnilh-a.rahng aclaas S amplifier*^ ha* ^ 

20 network; , . tM _ 

BgoreSiaabk^di^of.b^deto-s.gn.ainodulator. 

R ^7A^abloc k ^ofa m aowaverer^sy,te m »«- lW M. 

m extended interface; and, „„-™fa*-w- t ~ tAw^'AGi 

Figure 7BiBaUockdiagramofa n «crowaverepea«sy 5 tem H »h^ ^ J 

anexteiKtedmterficeandaptaralityofainpnners. ; 



ru 
in 

c 



Prt?a~* inscription C 0f 44rv 
ta^toprovidea^Aorougt-mdentHndingofthemv^ Hew««r HO / 

5 we „ taown dements have no. been sbown or described m d«ail to avord 
.....^essarflyobsc^gtteu.ve^ Accordingly, the spcdfication and 

Bo which comprises the combmahonolan efficient power amp 

• ! nBd »ta^»i'>^^^ tei,, ^ mtt ^^^ Ke,etA 

u .deconnnmn e^^^*"-^*-*^ - *" 
i porh**<>evic«.sucha S ^n» B « ^KUvAi* 

is available in the vicinity of the power amplifier. 

,00121 FigareliaahlockdiagramofanantplificationsystemlO 
^^.otoin^An^cahon^lOcon^an^" 
25 wU ehreeeive S ad g ndl3 M he^UiW«itsinputl4.Moduh to U 
produces a digital output signal . Modular ,2 may be a delta sign* 
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modulator. Modulator 12 has an output M coupled to an input 18 of a high 
effirio^^tffiermAo^JOBaybeadaaaSan^er.Anr^^:.. <* 

of ampUfier 20 is coupled to an antenna system 24. Preferred embodiments 

, J ^.*■^^fcI*■^^•^i<^• , ^^ n,,,ll * -,4 

combined with the signal at a point before it r S received at the input 18 of 

« 

amplifier 20. 

'a 100131 The overall characteristics of ampUfication system 10 are 



m include one or more of reducing distortion, reducing spectral re-growth, 

a, of 

G . Feed Forward; 

Analog Predistortion; 
Digital Predistortion; 
Adaptive Digital Predistortion; 
20 • Predistortion and Feed Forward; and, 



25 



, 001 41 Mod»la«»12n^yco« ¥ ri S e.«kte.sigmn»d 1 Uaw,whiohm,y ^ 
be a band-pass delta-sigma modulator (BPDSM) of N* order (typically 4* 
order) wrth cascaded stages of I bit or multi-bit analog to digital converters 
(ADCs)and digital to analog converters (DACs). Modulator 12 converts an 
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[00171 In switching mode power amplifiers of class S or class D, . ^ . ^ 

amplification is achieved typically by two or more active devices. The deviet*-: • • O ^ 
typically compri se power transistors which may be connected in one of severer S € 
configurations . Figures 2 and 3 illustrate simple class S amplifier 
5 configurations which are examples of configurations that may be used in .^ A. 

invention. A great many other amplifier configurations are known to those, 
skilled in the art. The amplification circuits of Figures 2 and 3, together with all 
other suitable amplifier circuits known in the art have the function of 
*t amplifying an input signal and may he generally termed "means for 
amplifying''. 



pi [00181 Figure 2 shows a simple class S amplifier 20 A. Amplifier 20A 1: as 
f a pair of power transistors Ql and Q2 arranged in a totem-pole configurarior . c^VvCjUfa i 
!* k Transistors Ql and Q2 operate as switches controlled by signals 17A and 17B 
ijL at inputs 18A and 18B which together constitute an input 18 of amplifier 20<w- a 0 Ar 
Transistor Q2 is connected between output 22 and ground. Transistor Ql is 
connected between an output 22 and a direct current power supply 40. Power Vo^ 
supply 40 provides electrical power at a suitable voltage which may be, for 
example, in the range of €V to 60 V. 



Q 
C3 



20 



25 



[00191 The signals provided at inputs 18A and 18B cause transistors"^ Q. 1- 

and Q2 to alternately connect output 22 to ground and to power supply 40 . 

Transistors Ql and Q2 are shunted by diodes' M and D2. Diodes Dl and D2 

protect transistors Ql and Q2 respectively against damage due to switching . 

transients. Transistors Ql and Q2 may comprise field effect transistors or otl er 0\\sZX 

signal controllable switching devices capable of operating as switches at the 
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rcctangular wave ouiput signal 17. Signal 17 drives amplifier 20. Input RF 
signal 13 has a frequency in excess of about 300 kHz and may bearnicrowa^ ff\ < Clt) 
frequency signal (i.e. signal 13 may have a frequency of about 800MHz or 
mote). 

10015] In some currently preferred embodiments of the invention, 
amplifier 20 comprises a switching mode pc/wa amplifier. For example, 
amplifier 20 may comprise a class S amplifier. Amplifier 20 could instead 
comprise a Class D switching-mode power amplifier. In other embodiments 
|o within the scope of the invention amplifier 20 may be of other types such as * 
SJ class C, E or F amplifier types. Especially for low power applications amphJ ier f> V i "H 
ra 20 may comprise an integrated circuit which carries electronic components 
! which constitute amplifier 20. The integrated circuit may be fabricated using 
h Miniature Microwave Integrated Circuit (MMIC) technology. 
W 

S !0016J A switching mode power amplifier ("SMPA") includes active 

devices such as transistors or other electronic switches. Such amplifiers can Ur V) 
more efficient than an amplifier in which the active devices serve as current 
sources. An ideal switch has either zero voltage across its tenninals or zero 
20 current through it at all times and therefore, no power is dissipated in the 

device. Where a transistor or other active device is used as a switch, the . m e p 

transistor or other active device may be configured so that it is working either G l 
m a pinctvoff region or in saturation to approach the characteristics of an idc il \ 
switch. 

25 ' 
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frequency of signals 17A and 17B. The signal controllable switching device* 
have the function of switching between electrically conducting and non- , ' 
conductmgstatesinxesponsetoaWolsig^ ^ 
optical). Such devicesinay he t^^ b . J 



[00201 Antenna 24 is connected to output 22 of amplifier 20 by a de- 
blocking device, such as a capacitor 42 and a filter 43. In the illustrated 
embodiment filter 43 comprises an inductor 44 conducted in series between**- CK_ 
H baking capacitor 42 and antenna 24 and a capacitor 45 connected across 

Q 

{&> antenna 24. 

S [00211 A class S amplifier can be designed in a push-pull configuratro.i c 

In ^ very wideband baluns providmg a suitable phase inversion and unpedar ce lf rv P edaiVC^ 

U ratchmfi /conversion. All of the source terminals of switching devices in the 

Ss amplifier may be grounded in this configuration. 

Q 

* [0022] Figure 3 shows acla*Sa^^ JeVCej 
arranged in an «H" configuration. The Ulustrated amplifier 20B comprises tw* +vV0 
pairs of power transistors (although other means for switching could also be 
20 used). Transistors Ql and Q2 are connected in series with one another. 

Transistor Ql is connected between an output 22A and a power supply 40. 
Transrstor Q2 is connected between output 22A and ground. Transistors Q3 
and Q4 are connected in series with one another. Transistor Q3 is connected 
between an output 22B and power supply 4C . Transistor Q4 is connected 
25 betw een output 22B and ground. 



10/90/01 15:50 FAI 004 8*1 4001 



OYEN WIGGS ET AL 



9- 



[00231 Signal 17A is provided at the control inputs of transistors Ql and 
Q4 Signal 17B is provided at the control inputs of transistors Q2 and Q3. 
Signal 17B may be an inverted version of signal 17A. Signals 17A and 17B «- 
both bi-level rectangular signals. 

[0024] When signal 17A has the proper polarity and amplitude, transit \<C*** staCS 

floW atoinputs22Aand22B.v^ f ^ S ' ,W 
H Q2a ^Q 3t obemanoffstate.TheoffstatemaybeapmchH)ff^ (.i.C 

no current flows through transistors Q2 and Q3 during this phase). When 
signals 17A and 17B reverse their levels, transistors Ql and Q4 are switched to 
an off state (no drain current flowing) while transistors Q2 and Q3 are switch S^'H>^ 
to an "on' ' state m which they permit current flow. Transistors Q2 and Q3 mey- (t\A^ 
be operating in saturation while in their on states. 



U 
M 

ru 
in 
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t I002S1 One of diodes Dl through D4 are connected in parallel with eaok- €CxcK 



20 



25 



[0025] 

of transistors Ql through Q4. Diodes Dl throughD4 protect transistors Ql 
through Q4 respectively against damage due to switching transients. Such 
transients may occur as a result of reverse current flow from spikes generated 
by charges accnmulaiedina capacitor in an output filter. A drivenload, such as 
an antenna or an antenna together with any desirable filtering circuits may be 
coupled between outputs 22A and 22B. 

[00261 Amplifier 20 may comprise a plurality of band-specific amplify (M*f^ 
components operating in parallel. Each component may comprise one or merr- m0 r^ 
band-specific devices or circuits. 
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100271 ThcoulinrtofampMer20inaybecouplcdto a nante^bywa r -- w(Mj , 
' of an output bandpass fflterVmatchmg network arrangement Figure 4 shows «n- a-(\ 
example of a possible bandpass filter / matching network 50. Bandpass filter 50 
5 coroprises a capacitor 60 and an inductor 62 coupled in parallel with an antema- &W*>^ 
24. A series connected inductor, 64A, and capacitor 65A couple one antenna 
connection to the output of amplifier 20. A series connected inductor, 64B, ** 
capacitor 65B couple the other antenna connection either to ground in flic case- CoS*. 
O of a singk>sided amplifier as depicted, for example, in Figure 2 or to another 
%> ainphfiCTOUtput,asmthe^ 
example, in Figure 3. 



UJ 
M 

ru 

Ul 
H 

a 
w 
t# 



[00281 Bandpass filter/matching network SO may be coupled direcdy YO 
the output of amplifier 20 (for example, to terminals 22A and22B) or couple* CO^P^ 
by way of a signal conmucming circuit, such as a filter or the like, a niwnteriwg- rnotuVofi <^ 
R ciremtete. Bandpass ffltam^^^ o£ 
transferring amplified digital signals mto analog sigiials, reducmg the 
harmonics content present in the signal at the output of amplifier 20, and/or 
riding a proper hnpedancettansition between amplifier 20 and a load (e^ 3' 
antenna 24 or another termination). These functions may be combined, as 
disclosed, or provided by separate elements or groups of elements. Those 
skilled in the art are aware of many specific suitable circuit constructions 
capable of providing these functions. 



20 



i 
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(00291 Network 50 may act as a tank circuit, converting the amplified 
rectangular shaped signals into an amplified version of the original analog 
signal 13. 



5 100301 The amplified signal at the output of amplifier 20 is ultimately 
manifested in antenna 24 as an analog signal containing the characteristics 
the original input signal with an acceptably small level of spurious emissions 
The amplified output signal is made available to an external load, such as an 
£ antenna, via suitable coaxial cables or waveguides. 

So 

W 10031] Figures 5 and 6 show one example of a 4* order bandpass delta 
sigma modulator 12 that may be used in the context of the invention. Delta 
agmamodulator 12 comprises an analog to digital converter 70 wfc^^ <S>aoM>'^ 
g an analog input signal xft> after it has passed flirough a pair of resonator 
gs circuits 71A and 71B. Analog to digital «mverter70sainplesmputsigi^xf^ y. (t) 
□ at a frequency which may be in excess of three times the frequency of input 
* signal x(t) and could be, for example, 4 to $ times greater than a frequency of^ 0+ 
input signal x(t). The output y(nT) of the analog to digital converter 70 
provides an output signal for delta sigma modulator 12. Analog to digital 
20 converter 70 may comprise a sampler and a quantizer. The quantizer may 

comprise a two-level (single bit) trigger which assigns logical "TRUE" level to 
a positive input and a logical "FALSE" level to a negative input 

100321 Output signal vf*»25 is converted to an analog signal by a digital to- 4-0 
25 analog converter 74. Digital to analog converter 74 nmy operate at me same 
frequency as analog to digital converter 70. Digital to analog converter 74 is 
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located in a feedback loop of modulator 12. Digital to analog converter 74 

converts the sequence of discrete pukes of output signal tf*I> back to analnfe. - aftc^ 

10033J Bandpass delta sigma modulator 12 may have a double loop 
5 configuration as shown in Figure 4. The analog output from digital to araknT O^Lr?) 
converter 74 is annbmed (and is typical^^ 

input sigiudjcfjf) at points 75A and75B. This configuration provides two 
overlapping feedback loops. 

th- 
an (0034] The quantization performed by analog to digital converter 70 ea+- 
5 be modelled as shown in Figure 6 as the addition of a noise signal e(n) to die 
pi input signal x(n) received by analog to digital converter 70. If the noise-signO- 
M is independent enough fiom the mputsigndn^itcanbec^deredasan 

independent disturbance or additive noise. The final output waveform basec botf^cS 
on superposition of Ihe input signal and the noise signal can be expressed as >te- \-\v^ 
| sum of terms related to signal and noise respectively as follows, for example. 

Where Y(z),X(z) and Z(z) are Z- transforms of and eft) 

respectively. 



[0035J In the preceding expression, STF(z) may be called a signal-tans^- Vra^S^^T 
fimction and NTF(z) may be called a noise transfer function. At the poles of 

H(z) and for many frequencies where H(z) is much greater than one, NTF(z) ts- \ 3 ! 

sinafi-Atsuchfreonenciesthequantizan , . 

25 m «lulatorl2istoconvertaninputanalogsignalm^ 5^ 
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for driving amplifier 20. Where amplifier 20 comprises a switching mode 
power amplifier then the output of modulator 12 may comprise a two-level / 
signal of amplitade sufficient to drive amplifier 20 at frequencies of interest. 
For specific applications, one or more preamplifier or translation level stages sku^S 
5 may be provided to boost the amplitude of the modulated signal to alevel 
suitable to drive amplifier 20. 

♦ 

{0036J The output signalyf«7) canbe apulse density modulated stgna-r 
h' as shown in Figure 6, such an output from delta sigma modulator 12 is abiatfjc- \ , HOT^ 

qh digital signal that can be considered as the sum of an input signal and 

O 
W 

M 
U 



associated quantization noise. Modulator 12 is provided with digital filters to 
shape the output noise so that its spectrum has a valley ccjrrespcrading to the 
8 input spectrum falls in. Out-of-band noise can be then removed using pwperiy- •prop&r iVj 
H designed bandpass filters to produce an approximate replica of the original 
signal. 

O 

^ J0037] An extended mterface 80, such as an optical interfece, may be 

provided to couple Aeoutrmtsigr^ \f\^T 
ofainpufier 20. Delta sigrna 

20 separated locations. For example, delta sigma modulator 12 may be located k a \f\ 
location where a mains power supply is available while amplifier 20 may be 
located at a mountain top relay station. The extended interface may, for 
example, comprise an optical fiber data transmission line. 1 

25 100381 Figure 7A illustrates an amplification system 79 which includes ^ <aX\ 
extended interface 80. In the illustrated embodiment, interface 80 comprises^ 0^ ; 
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wideband two way interface Interface 80 comprises a forward direction 

extended link 81 A which carries data from a control location 82 to a 

transmitting location 84 and a reverse direction link 81B which carries data kC \ f\ 

the opposite direction. Each of links 81A and 81B may comprise a fiber optic- q r>+-\ C 

5 signal conductor 86, an electrical to optical transducer 87 and an optical to 
electrical transducer 88. A single optical fibre may be used to combine both 
forward and reverse direction links 81A and 811* byusmgoimcalwaveteagtli V^JaVe Ul\cjVK 
division multiplexing. This may be implemented, for example, by providing 

M electro-optical converters with different optical wavelengths in each dffeetiorr J. i r&Or(0 ^ 

O along with appropriate optical filters. The filters could be, for example, 13um 

Q 

\i] and 1.5 urn. 

Si 

in Extended interface 80 could comprise one or more low-loss Kfr 

U coaxial cables, or other RF waveguides in place of a fiber optic, cable. Li semr- 5 0f^£ 

| cases, multiple channels may be carried on a single waveguide through thea&j- j 

| ofasuitablenumberof fi^ency^ Selec-U^ 

i" receiver or transmitter signals according to their center frequencies and 

bandwidths. Extended interface 80 could comprise signal carriers of a cable W~ ~T V 

distribution system or a microwave radio relay system. The optical fiber, 
20 coaxial cable, other waveguide, or radio relay system, provides the function o-f^ C? £- 

carrying signals between control location 82 and transmitter location 84. 

£0040} A modulator 12 which produces a digital output signal is located at 
control location 82 . The digital output signal is carried to tranamtting leeatte*- I o ccct i 0 O 
25 84 on forward direction link 81 A The digital output signal is received at 

transmitting location 84 and applied as an input to amplifier 20. Amplifier 20 
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amplifies the digital signal and produces an amplified output signal. The 
amplified output signal is coupled to an input of abandpass filter which may be - 
a programmable bandpass filter. X signal output from die bandpass filter is 
coupled to a load such as an antenna. Extended interface 80 may be long, £- 0<"" 
5 examplefiom the bottom to the top of a mountain, or short A long extended 

interface 80 may span more man more than 100 meters, more tlttn 500 metefsr- rV\e\rCr^ 
or more than 1000 meters. 

H [0041] Amplifier 20 may be located very close to antenna 24. For 

Q 
CiO 

£3 
W 

M 

ru 



in 

£ 



20 



example, where antenna 24 is on a tower, amplifier 20 may also be onmeteW -^o £C 
at the location of antenna 24, possibly immediately behind antenna 24 or 
proximate to the connections to antenna 24. Modulator 12 may be located in 
another location such as at a control location at the bottom of the tower ox a 



H control location completely away from the tower. In mis disclosure the term 

(is "tower" means a structure providing an elevated location for mounting an 

□ antenna and includes purpose built tower structures, other rnan-rnade-sfeUGtur^sr- 

M and suitable natural features either in their natural states or modified by man. 



[0042] The signal to be transmitted at transmitting location 84 may be a-t- 
amplified version of a signal received at a receiver located at or in the vMmitr \/iO<\vUj 
of transrnitting location 84. to. this case, input signal 13 may be carried to 
control location 82 by way of reverse direction link 81B. Input signal 13 may 
be digitized by an analog-to-digital converter for transmission on reverse 
direction link 81B. Input signal 13 may be multiplexed with other data such a-^ Q.5 
25 amplifier power monitoring data and other telemetry signals. Where multiple 

channels are to be included in a single input signal 13, an N: 1 combiner 85 amy- rYW^j 
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combine the channel signals to provide signal 13 which is modulated by 
modulator 12. 

[0043) The signal may be processed in various ways at control location 82 
and then earned back to transmitting location 84 by way of forward directioi 
link 81 A to transmitting location 84 for amplification and transmission. The 
processing may include digital filtering. 



I* [00441 Reverse-direction link 81B may carry feedback signals to centred- Co 

q 

tilO location 82, The feedback signals are received at location 82 where they can he- \q€ 

C3 ' ' 

W used as an input to a hnearizer 30 (not shown in Figure 7A). Alinearizer 

fjj maybe implemented in DSP 98, processor 89, or as a separate system. 

in 

s 

H [0045] One or more telemetry channels may be provided by extended 

(is interface 80. In the illustrated embodiment, this is done by providing a 

□ r 

□ multiplexer 90 and a demultiplexer 91 at first and second ends respectively-of Or 

H links 81A and 81B. Telemetry channels of links 81A and 81B may cany powW po^^ 
monitoring signals, control signals, signals regarding the operational status er 
subsystems at transmitting location 84, alarm signals and die like. 

20 

(0046) In the illustrated embodiment, the power output of amplifier 20>s~~ \S 

monitored in real time by a power monitor 92. Power monitor 92 may eompme c 0 ^ r ' 

an RF power detector such as an RF Root Mean Square (RF RMS) composite C 0 fl^P° s 
power monitor circuit which generates an output signal 93. Output signal 93 ifr^ V 3 
.25 carried to control location 82 by a telemetry channel on receive direction link 

81B. Power monitor 92 is coupled to die input and/or output of power amplifier CM^l Kfc- <" 
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20 by way of suitable directional couplers and /or attenuators. Power menko. OflOH < \*0 C 

92 monitors the voltage at the output 22 of power amplifier 20 for the re quir r d r* P C^CM r ^ 

frequency and level ranges. This may be done with a suitable analog to dtgrtnf dl i 9 ' 
converter. RMS power may be determined by a microcontroller 95 which 

5 receives information regarding voltages sampled by the analog to digital 

converter. Power monitor 92 can be calibrated against frequency, and level 

references and temperature compensated in ways known to those skilled in ti^e- VK^- 

art of RP power monitoring circuits. 

tip 10047] In the illustrated embodiment, power monitor output signal 93 if— \ i> 

b 

W 
VI 

ru 



provided to linearizer 30. Linearizcr 30 may generate its corrective signal 
based, at least in part, on signal 93, For example, linearizer 30 may perform 



& predistortion or other linearization enhancements based on signal 93. 



&5 [0048] The power output of amplifier 20 may be dynamically eeafeeHer- CQ(\Vro 

§ to provide adequate power in regard to current propagation and traffic teadnrr- \ 0 oA^ 

** conditions. For example, when channels of a multichannel carrier are 

unoccupied, transmitter power may be reduced As the signal attenuation 

changes on a propagation path between antenna 24 and a receiver, the power 

20 can be adjusted to F^^tain a desired signal to noise performance. The receivr*- C^A^r 

♦ 

may be moving relative to antenna 24. When the receiver is near antenna 24 ft \ ft 

a line of sight then the power of amplifier 20 may be reduced. When the 
receiver is farther from antenna 24 or not in a clear line of sight then the pow**-* ^> O ^ 
output of amplifier 20 may need to be increased 



25 
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(0049) The power output of amplifier 20 may be adjusted in response to 
factors which may include one or more of channel count (the number of active,. * Ofi ^ ^~ 
and/or overhead channels), channel link loss parameters, parameters specrfiert" 5 p £C i £ • ^ w 
by an air link protocol, such as IS95A3 or the like. The parameters which 
5 affect the desirable power output may be maintained as data accessible to 

microcontroller 95. Microcontroller 95 sets the output power by way of apev?er~ P 0 
control interface 96. 

Q 10050) To pennitme outout power to be controlled on demand, amplific r a ifc p I i f-i £ T 
CJ0 20 may be configured to permit p£C<v\\r 
!jj • Actively biasing the power devices by adjusting the drain current and/ef'' Of 
voltage, according to demand, and/or 
• Enablin g or disabling devices in a multiple device power^ombining 



ru- 
in 



H 

Q design. 

U 

? 

|i 10051) A multiple device power^mbiniDg design may comprise, for 

example, multiple paralleled H configurations. A number of class S amplifier i a r^fl 5 
in parallel may be provided and electronically selected to increase or decrease 
the radiated power on a specific antenna. 

20 

(0052) Spectrum performance may be monitored by a monitoring systeni 
94. Spectrum monitoring system 94 may comprise a separate system or may 
comprise suitable software running on a processor 95 which receives a signal 
modulated by a microwave delta sigma modulator (which may also serve as a 
25 part of power monitoring system 92), An output signal from spectrum 

monitoring system 94 may be carried back to control location 82 on receive 
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direction link 81B. A decimating filter maybe provided to down-convert the 
microwave signal to baseband for digital signal processing. A digital signal 
processor 98 analyzes the signal "output by amplifier 20. Processor 96 may 
monitor for in-band and out-of -band spurious emissions, including 
intetmodulation products. 
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(0053] Short, open or impairment conditions on a transmission line or 
antenna 24 connected to the output of amplifier 20 may be detected with a 1 
integrity monitor (LIM). The LIM comprises an RF power and spectrum 
monitoring system 94 and associated processor 95. The LIM is switched 
between the forward and reverse port of a bi-directional coupler 97 for 

measurements. The LIM periodically actennines a retain loss versus distance- d i S U«A c€ . 
profile and monitors antenna intermodulation performance based on detected 
forward and reverse signals. Alarms are generated and transmitted to centra — 
location 82 when the return loss versus distance profile and/or antenna 
intermodulation performance satisfy an alarm criterion. The alarm criterion way- 
comprise a comparison of one or more of these values to one or more preset 
thresholds. 



Vrol 



20 (0054) Figure 7B illustrates a transmitting system 99 which includes 
multiple amplifiers 20 each of which drives a separate antenna 24. The 
antennas 24 may comprise independent antennas or sections in a multisector 
antenna. System 99 provides multiple channels. Each channel provides a 
feed to an antenna 24. System 99 typically provides one antenna 24 per sectoT 

25 of a multi-sector antenna. The multi-sector antenna may, for example, have 6 
sectors. The multi-sector antenna may be on a tower with amplifiers 20 
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installed on the tower to operate simultaneously with several fixed sector 
antennas. 

[0055] Antennas 24 maybe arranged to provide a phased array. The air ly G-fTtA-^j 
5 may comprise a number JV* of elements having a first orientation, for example 

vertical, and a number M of elements having a seoond orientation, for examp le Q^ycCK^^ ^ 
horizontal. Such an array may require N*M channels with one channel 
providing a suitably phascrd signal a corresponding element of me array. The 
t~ amplifiers 20 driving the array elements may be dectronically controlled to 
Bjo provide beam steering. The system may comprise one or more arrayed -aatea&as. GJf\-\r 
and/or multi-sectored antennas on the same tower with a plurality of a mplifi o *s oJY^P I \ & 
receiving mod ulati on signal.*, over the same extended interface from modulate ire - \jJ[oJtOfS 

located at another (second) end of the extended interface. 

N • ' 
Q 

iijs [0056] A four port directional coupler may be provided at the output of 
0 amplifier 20 with power and spectrum monitoring capabilities. This permits- p&Cf^ 

measurements on forward and reverse directions of the antenna transmission . 
line to derive Return Loss (RL) and distance to fault values. Alarm tfaesheklr ^5 ™ 
may be set for these parameters and exceptions reported over the telemetry fe-fer \ \ <\ 1^ 
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{0057] m the embodiment of Figure 7B, extended interface 80 comprises- £cmN\ C < S€ 3 

a single fiber optic link wherein signals forme different channels are j 

multiplexed together. For example, the signals may be combined using time- j 
domain multiplexing, optical wavelength division multiplexing, or a 

25 combination of the two. Suitable multiplexer / demultiplexers are provided at j 

each end of extended interface 80. The illustrated embodiment provides a veprf- y C C \A j 
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high speed multi-port time domain inultiplexer 100 operating at several .gigabits— y CjatofTJ) 
per second and a compatible demultiplexer 101. Other embodiments use 

multiple links each comprising a'fiber optic cable or other suitable transmission-- -VtUC\S (tY'SSlO^ 
medium. 

5 

[00581 Systems according to the invention may operate at power 
sufficient for operation as, for example, in cellular repeater stations. Other 
embodiments may operate at lower powers, for example in cellular hand sets 

ii The systems may operate in any of various bands including VHF, UHF, SHF. 

pio EHF ( L, S, X, Kn, Ka, ete.)- The system may operate with multiple narrow a«d- cUw 

a wideband signals with different types of phase, frequency , amplitude and ce4e CoA^ 

H domain modulations such as CDMA, W-CDMA, TDMA, FM, QPSK, 

Ui multilevel QAM, QAM and so on. 



f J 5 [0059J Some embodiments of the invention comprise a multi-band L_)€eO 
g bandpass delta sigma modulator and a tunable output filter connected between" 

amplifier 20 and antenna 24. Such embodiments may comprise a control systan S +*■ 
connected to switch the operation of the system between two or more diffiffeTir 
frequency bands. Such embodiments may be used, for example, in cellular 
20 telephone handsets. The frequency band may be automatically selected to 

access cellular connections on cellular and or selectable networks using met*- f(\-0r^ 
than one frequency band. 

[00601 Embodiments of the invention may support sampling ofbaiebaud- \}CK> 
25 transmit signals and direct up conversion to RF/microwave signals, 
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[G061J Some embodiments of the invention comprise bandpass delta 

sigma modulatpis which have multiple decimation filters and are over-8ampbd7 sc^t^P 

at high frequencies. Such embodiments may be capable of simultaneous 

multiple band operation. Such embodiments may be provided in base station*- 5 -i-oJc'i & ^ 

or handsets. 



[0062] Where a component (e.g. an assembly, device, memory, etc.)-w- 1 5 
referred to herein, unless otherwise indicated, reference to that awroonent 
!»k (induding a reference to a "means") should be interpreted as a reference to 
Ejo any cornponent which performs the function of the described component (bt<- £i- , 
y is functionally equivalent to the described component), including eemponcnls CO^r 0 

which are not stmcturally equivalent to me disclosed structure which perforros- f SX"^^ ^ 
-the function in the illustrated exemplary embodirhftnts of the invention. Whrtre- 
I" a step in a method is referred to above, unless otherwise indicated, eefeteocrr re£«*~ eAC ^ 
fp to that step should be interpreted as a reference to any step which achieves -he— 
same result as the step (i.e. is functionally equivalent to the described step), 
including steps which achieve a stated result in different ways from those 
disclosed in the illustrated exemplary emDodiments of the invention. 

20 [0063] As will be apparent to those skilled in the art in the light of the 
foregoing disclosure, many alterations and modifications are possible in the 
practice of this invention without departing from the spirit or scope thereof. 
For example: 

• certain aspects of the invention could be implemented in software or 
25 hardware or a combination of software and hardware; j 
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• the various functional components illustrated in the drawings maybe 

combined with one another in different ways. 
Accordingly, the scope of the invention is to be construed in accordance wit ft • \/J i 
the substance defined by the following claims. 



